Introduction
The romanticized tale of Indigenous peoples' first interactions with cameras is all too familiar a narrative to the Western consciousness, portraying Indigenous peoples as fearful of the technology's ability to "steal souls" (Golub, 2004) . Retrospectively, it is important to critically analyze what it truly was that 19th century photographers were "capturing" with their cameras, and how dominant media has used technology and technological imagery to hijack Indigenous realities and control the way that society views Indigenous peoples and cultures. Photography like that of Edward S. Curtis is often used as a reference point for this argument, as his pictures sought to explicitly erase any signs of modernity and reduce Indigenous lives to a simplistic, one-dimensional commodity that could be easily consumed by the colonial gaze. In his portraits, only expressionless faces and stoic poses were allowed, and traditional dress was mandatory -whether or not it came from the subject's own nation or the one over. In an infamous photograph titled "In a Piegan Lodge" (1910) , Curtis' original image showed a clock (Figure 1 ), which he removed before publishing the edited version ( Figure 2 ) (Stanford University, 2016) .
Curtis bought into the colonial idea that it was the turn of the century and Indigenous peoples were disappearing (if not physically, then certainly culturally) and through his camera's lens, he thought himself able to salvage their legacy (Vizenor, 2000) . In the words of Tsimshian-Haida writer Marcia Crosby (2002) , this "salvage paradigm" dictates that those doing the saving choose what fragments of a culture they will salvage. In this case, Curtis was only salvaging his own perceptions, limiting control of Indigenous peoples over their own histories, their futures, and their relationship with technology. Curtis' photographs attempted to capture a This article seeks to revisit dominant narratives of digital technological development in Indigenous communities in Canada. By prioritizing Indigenous voices and drawing from concepts of self-determination and sovereignty, this analysis reorients discourse surrounding the "digital divide" towards a strength-based approach that positions Indigenous peoples as innovators and creators, not just consumers, of digital technologies. This article begins with a discussion of how dominant media has used technology and technological imagery to misrepresent Indigenous cultures and perpetuate colonial biases, and emphasizes the importance of making space for Indigenous future imagery. Following this is a discussion of digital storytelling and virtual landscapes, showcasing a small sample of Indigenous initiatives online, in video game and app development, and in augmented and virtual reality. Finally, this article considers the potential of "makerspaces" as a framework for future action to bridge theory and practice.
To govern ourselves means to govern our stories and our ways of telling stories. It means that the rhythm of the drumbeat, the language of smoke signals and our moccasin telegraph can be transformed to the airwaves and modems of our times. We can determine our use of the new technologies to support, strengthen and enrich our cultural communities.
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timreview.ca static and "timeless" traditional Indigenous culture that would never change, one that could ultimately be used as a self-congratulatory reference point against which Eurocentric society could measure its own progressive evolution.
Indigenous Worldviews and Future Imagery
Mi'kmaw educator Marie Battiste and international human rights lawyer and advocate James (Sákéj) Youngblood Henderson (2011) outline the consequences of Western impositions of linear development models. They expose how a central concept behind Eurocentrism is "diffusionism", which is based on two assumptions: i) most human communities are uninventive, and ii) a few human communities (or places, or cultures) are inventive and are thus the permanent centres of cultural change or "progress". As Battiste and Henderson (2011) put it, "Diffusionism explains any progress made by non-Europeans as resulting from the spread of European ideas, which flow into the non-European world like air flows into a vacuum."
Julie Nagam (2016) , a Professor of the History of Indigenous Art in North America, breaks down the binary associations of "civilized" and "savage" with technologically advanced and technologically unsophisticated, respectively. She emphasizes how Indigenous cultural knowledge is not static but in a constant state of flux, and is part of "a living and embodied practice", or in the words of author and historian Cynthia Landrum (2012), a "balancing act" between tradition and modernity that does not dichotomize the past and present in a linear fashion. Nagam further contends that colonial impositions of timelessness and other "myths of modernity" have been thinly-veiled attempts at limiting the future for Indigenous peoples by presuming an inevitability in assimilation, echoing historic discourses that projected the disappearance of Indigenous peoples (Nagam, 2016) . The work of Jason Lewis, a Professor and a Co-Founder of Aboriginal Territories in Cyberspace and the Initiative for Indigenous Futures, revolves around defying this suggestion. In a piece titled "A Brief (Media) History of the Indigenous Future," he states, "If you are not present in the future imaginary of the dominant culture -you're in troublethat means that they don't imagine you in the future… So we have to start proposing images of who we are and where we'll be" (Lewis, 2016) . He goes on to outline five different ways to achieve this:
1. Manifest the future with Indigenous peoples in it.
2. Hybridize the present in new or extreme ways, modifying contemporary realities to open up future possibilities.
3. Alter the past to lead to different futures.
4. Shape digital infrastructure by engaging with digital media and digital culture. L'Hirondelle makes a call to acknowledge Indigenous "pre-contact ingenuity as inventors and technologistsexperts in new media and avatars of innovation" (L'Hirondelle, 2016), with the aim of reformulating the very definition of technology. Her essay is an homage to the many "codetalkers, pathfinders, and cultural compilers" who came before her; those that have translated tradition and worldviews to ensure their accessibility as survival tools for future generations, much like a computer program that transforms source code into executable programs. She cites mnemonic devices such as the Plains tradition of pictorial calendars on tipis and skins, quillwork, weaving, beadwork, and Haudenosaunee wampum belts, among others, as examples of how data collection and documentary technologies have always been an integral part of Indigenous community-building.
Western impositions of dichotomous and binary thinking continue to place Indigenous peoples at the crossroads of false paradoxes that have limited their freedoms and placed Indigenous knowledge at the bottom of an imagined hierarchy. By recognizing and validating Indigenous epistemologies, or ways of knowing, we can better unpack the biases in Western thinking that have informed technological development practices and that have perpetuated economic, social, and cultural inequity. Within many Indigenous traditions of oral storytelling are lessons that directly address how to better engage with the multiplicity of life, often calling upon the Trickster (sometimes known as the Coyote): a dual character whose subversive behaviour helps the listener tease apart paradoxes. Steven Loft, editor of Coded Territories, likens digital technologies to the Trickster in the following terms: "Technology exists as shape shifter (not unlike the Trickster himself) neither inherently benign nor malevolent, but always acting and active, changing, transformative, giving effect to and affecting the world" (Loft, 2005) . Digital technologies, therefore, hold incredible potential as tools to revitalize Indigenous stories in which are embedded Indigenous worldviews and ways of knowing that have strengthened communities since time immemorial.
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Digital Storytelling
In the words of prolific Coast Salish storyteller Lee Maracle: "Stories are the key to the endless oratory, the teachings, and the knowledge of our people. It's not all we are, but when we remember the story, the flood of knowledge locked behind it is let loose." (Maracle, 2015) . Aman Sium and Erin Ritskes from the Ontario Institute for Studies in Education insist that stories become mediums for Indigenous peoples to both analogize colonial violence and resist it in real ways. They challenge liberal notions of stories as depoliticized acts of sharing or multicultural "show and tell," instead recognizing stories as acts of creative rebellion (Sium & Ritskes, 2013) . Judy Iseke, Canada Research Chair in Indigenous Knowledge and Research, also emphasizes the vital institution of eldership in traditional storytelling practices. Through the transgenerational memory transmitted by their stories, elders ensure the survival and continuance of Indigenous philosophies, theories, and epistemic traditions (Iseke & Moore, 2011) . Storytelling is in itself a tool for negotiating social priorities and contemporary community needs. Indigenous digital storytelling, therefore, can be used as a tool for Indigenous youth to learn about their identity, challenge negative representations of their culture, connect with others, and become agents of social change. (Lewis & Fragnito, 2005) Lewis and Skawennati have paved the way for Indigenous presence in digital spaces, beginning with the CyberPowWow project (cyberpowwow.net), which was launched in 1996. The site's main goals were to overcome stereotypes about Indigenous peoples, to help them shape the Internet, and to generate critical discourse about Indigenous art, technology, and community. These experiences built the foundation for Aboriginal Territories in Cyberspace, a research network based out of Concordia University in Montreal, Canada, and the Initiative for Indigenous Futures (abtec.org/iif/). In 2008, the Initiative for Indigenous Futures launched their Skins storytelling workshop, which have been applying these same principles through what author Naomi Alderman calls "the noise you're trying to get your children to turn down while you pen your thoughts about the future of location-based storytelling" (Alderman, 2015) . Here, she is referring to video games, and Skins is founded on the practice of game modding, the term used to describe adapting or creating game content using commercial game engines. Through a mentorship model, participants take on game industry roles and are able to leverage the technical infrastructure of a game to create their own fully functional yet fully personalized game worlds based on community stories (Figure 3 ). Lameman and Lewis (2011) contend that video games, with their unique combination of story, design, code, architecture, art, animation, and sound, provide a rich medium that reflects traditions of oral storytelling and enables both developers and users to explore different strategies for pursuing cultural preservation and revitalization. Skins has had five iterations to date (all games are available online at: abtec.org/iif/workshops/past-workshops/), with the most recent workshop taking place in Honolulu, Hawai'i, at the request of Native Hawaiian community leaders. This has inspired other workshops such as Indigicade, the first installment of the collaboration between the Indigenous Routes Collective (indigenousroutes.ca) and Dames Making Games (dmg.to), which consisted of a month-long video game development session for Indigenous girls and women aged 13-24 in Toronto, Canada, during the summer of 2015 (Kestler-D'amours, 2015) .
These workshops are giving rise to a new generation of Indigenous game designers who can provide alternatives to portrayals that have generally fallen into the Western game genre (with Indigenous characters as primitive enemies killed for reward) or science-fiction that perpetuates settler-colonial ideals of conquering seemingly uninhabited lands. They can also encourage the mobilization of companies such as Upper One Games (upperonegames.citci.org), the first Indigenousowned commercial gaming company in the United States, and the developers of the popular Never Alone (Kisima In itchu a) game (neveralonegame.com). Released timreview.ca Supporting Self-Determined Indigenous Innovations: Rethinking the Digital Divide in Canada Jasmin Winter and Justine Boudreau in 2014, the puzzle-platformer adventure follows a young girl named Nuna and an arctic fox who set out to find the source of an external blizzard which threatens the survival of everything they have ever known (Figure  4 ). The game is based on the Iñupiaq tale, "Kunuuksaayuka", and is unique in the way that players can unlock live-action videos depicting Elders telling stories or showcasing different cultural practices and traditions that inspired the gameplay.
Envisioning Indigenous peoples at the forefront of video game development should come easily when one considers the longstanding tradition of telling stories that have helped communities virtualize their presence in the past, present, and future. However, when conceptualizations of the "real" world and the "virtual" world are dichotomized, Indigenous peoples find themselves once again stuck at another false paradox, one in which they face the need to challenge the trope of the "Ecological Indian" (Krech, 2000) , a caricature of the complex relationship that Indigenous peoples have to place and the land.
Virtual Landscapes
Colonial assertions about the incompatibility of Indigenous ways of knowing and technology have been used to delegitimize claims to land in the past, manifesting in concepts such as "terra nullius", which is Latin for "nobody's land", explained in the following terms by author Alan Frost (1992) : This justification relies on a very specific interpretation of technological advancement, one that values labour and productiveness above language, community, and a balanced relationship with the environment. The idea that these things should be mutually exclusive is a fallacy, one that Indigenous innovators are challenging every single day. In "Terra Nullius, Terra Incognito," Jason Lewis (2005) turns the phrase on its head, suggesting that Indigenous people retain equal opportunities to gain place in virtual spaces. To quote Michelle Raheja, author of Reservation Reelism: Redfacing, Visual Sovereignty, and Representations of Native Americans in Film, digital space provides the land for "virtual reservations", which have the ability to transcend time and space, and it "initiates and maintains a dialectical relationship between the multiple layers of Indigenous knowledge systems -from the dream world to the topography of real or imagined landscapes" (Raheja, 2010 
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As another example from Quebec, the company Minority Media has partnered with the James Bay Cree School Board to initiate a new virtual reality project called "School " (facebook.com/schooluvr/) that allows students to visit a virtual camp where they meet a little girl named Niipiish and her dog Achimush ( Figure 5) . While exploring the camp, Cree words that describe the seasons, the environment, and Cree traditions appear for the player to interact with as they wait for Niipiish's little brother's walking-out ceremony (Wapachee, 2016) .
Adrian Duke, a technology entrepreneur from the Muscowpetung First Nation in Saskatchewan, is working on his own app called Wikiupedia (wikiupedia.com), which he describes as a "location-based story catching app that allows the Aboriginal community to share their stories, traditional knowledge, and any other information that they would like, using a bunch of different media sources" (Bambury, 2017) . The app is named after a traditional Indigenous hut called a "wikiup". Like Wikipeida, users will be able to submit their own stories, which will be verified by cultural knowledge keepers. Like the infamous app Pokémon Go, users will have to go out and explore their local environment to unlock this knowledge (Bambury, 2017) .
These examples are just some of many that help put the rest the notion that Indigenous peoples' local, context-specific place-based knowledge is somehow incompatible with digital technology. They also demonstrate how sovereignty in terms of land and territory is applicable to "visual sovereignty" or "screen sovereignty", which are descriptors for the importance of Indigenous control over their representations online, in video games, apps, and augmented and virtual reality development, and any medium that is helping information spread faster than ever before (Dowell, 2013) . Indigenous innovators, using these new mediums to represent traditional knowledge, are demonstrating how Indigenous peoples have been navigating local and globalized contexts to connect with communities all over the world to advance their rights, balancing what unites Indigenous peoples internationally with what makes them unique and distinct. With all these examples in mind, it is easier to envision what Laurel Dyson (2004) of the University of Technology Sydney is saying when she argues that "Technology is only capable of furthering the agenda of the dominant culture if used to that end", reinforcing that Western hegemony need not be some invincible force.
Makerspaces
Finally, this article offers a practical pathway with which to address the digital divide, influenced by emerging "makerspaces", which are described by Roslund and Rogers (2013) as: "a general term for a place where people get together to make things. Makerspaces might focus on electronics, robotics, woodworking, sewing, laser cutting, programming, or some combination of those skills." The book entitled The Makerspace Playbook asserts that:
"Makerspaces come in all shapes and sizes, but they all serve as a gathering point for tools, projects, mentors, and expertise. A collection of tools does not define a makerspace. Rather, we define it by what it enables: tools." (EDUCAUSE, 2013) Makerspaces are gaining traction in both entrepreneurial and community settings such as schools and libraries, and increasingly within rural settings through mobile makerspaces. A fundamental principle of makerspace culture is accessibility, and there is ample discussion of how to encourage inclusiveness and diversity, without having the terms become competing goals when one-size-fits-all approaches are applied.
The second author of this article, Justine Boudreau, is a Master's student in the Electronic Business Technologies program at the University of Ottawa, Canada, and has practical experience with makerspaces in Indigenous contexts. In March of 2016, a state of emergency was declared in Pimicikamak First Nation (Cross Lake, Manitoba) because of an increasing incidence of suicide, particularly among young people. Because of this, timreview.ca Supporting Self-Determined Indigenous Innovations: Rethinking the Digital Divide in Canada Jasmin Winter and Justine Boudreau a local Indigenous artist reached out to the uOttawa Richard L'Abbé Makerspace (engineering.uottawa.ca/ makerspace) looking to see if they could provide some support. Through a partnership with Maker Mobile (engineering.uottawa.ca/makermobile), a sister organization that runs workshops in remote communities during the summer, and with funding from the University of Ottawa's Faculty of Engineering, a strategy to empower Cross Lake youth through community-driven making was set in motion. In advance of Boudreau and fellow student Danielle Taillon travelling to Winnipeg in early July, a 3D printer was bought and shipped to the University of Manitoba's Kidnetic program, with plans to bring and leave it in Cross Lake after teaching students and teachers how to use it. The curriculum details of the summer camp had to be modified upon Boudreau and Taillon's arrival as it was expected that there would be two age groups -up to about grade 7 and over grade 7 -but the participants ended up mostly being younger than grade 4. The curriculum eventually included 3D modelling, 3D printing, coding, building structures on a budget, and making 3D printed jewelry. The days started slowly, with 10 to 15 students in the morning, and picked up after lunch with 20 to 30 students, a majority of which were girls. The activities usually lasted for around one and a half hours with breaks in between where everyone could spend some time outside. However, sometimes it was impossible to pull the kids away from their creations made using the Tinkercad (tinkercad.com) 3D modelling software, so the activity would continue throughout the afternoon. The activities were held in a computer lab where each participant had access to a computer, which made it easier to do 3D modelling and programming. There were not many adults around during the day, which made it harder to teach the kids how to use the 3D printer, but instructions were sent to the youth coordinator contact in the community. During that summer, three other communities near and on Manitoulin Island, Ontario, were visited in for week-long camps: Sheshegwaning First Nation, M'Chigeeng First Nation, and Whitefish River First Nation.
Unfortunately, because of the nature of these one-week summer camps, it is difficult to assess the outcomes of the project. The incredible creative and artisanal talents in the community can definitely make good use of a 3D printer. Children as well as adults have the capability to use this technology, and the hope is that it can provide a source of engagement and be a creative outlet for the community. If Maker Mobile would be able to return to any of the communities, the impact may be more tangible and the lasting effects of the visits would be more readily assessed. The hope is always to be able to go back and visit a community to be able to continue the learning as well as not leave an impression of abandonment. Unfortunately, because of the geographical distance, this is often not possible.
Gathering STEAM
As community spaces for innovation, makerspaces may serve as a point of discussion for how to encourage, for example, alternative pedagogies and educational practices to connect youth and elders to help promote intergenerational knowledge transmission. Drawing from innovations presented in this article, this could include building equipment for land-based education, hunting, and trapping, all the while encouraging language revitalization. Consider a recent example from 2017, when Boudreau joined the Marker Mobile team to introduce Indigenous youth at Gloucester High School in Ottawa, Canada, to principles of engineering and innovation through a program called InSTEM (actua.ca/en/ programs/national-aboriginal-outreach-program). At the Ontario Makers and Mentors Innovation Conference in November of that year, Paula Hall, Vice-Principal at Gloucester High School, presented some of the final projects created by these students, one of which included a prototype for a water filtration system for communities without access to clean drinking water (Hall, 2017) .
Moreover, this article has purposefully emphasized how Indigenous innovations often lie at the intersection of art and technology, promoting a STEAM (science, technology, engineering, art, and math) model rather than just STEM. Wapikoni (wapikoni.ca), a project based in Quebec, while not officially labelling itself a makerspace, is the most far-reaching initiative to bring digital tools to northern Indigenous communities to date. The team has been conducting a travelling audiovisual studio that has trained and allowed Indigenous youth to see their stories come to life for screenings across Canada since 2004.
Earlier, we discussed Julie Nagam's assertion that Indigenous cultural knowledge is always evolving as part of "a living and embodied practice" (Nagam, 2016 (Nagam, 2015) . In this sense, the project proposes that thinking about makerspaces in Indigenous communities should mean connecting contemporary Indigenous innovations to makerspace theories, and back to traditional Indigenous knowledge in a circular way that finds the common thread of community wellbeing. A fundamental research question that will be addressed is: If you bring a mobile lab into a community, and produce great results, how does the community benefit over the long term without ongoing access to the full equipment, and what happens to the project mentors or people involved? The answers to this, of course, will necessarily draw from Indigenous understandings of sustainability such as the seventh generation principle. Focusing an Indigenous makerspace on strengthening digital infrastructure and information and communication technologies has the added benefit of connecting communities to instructors and mentors even when they cannot physically be there.
Perhaps the most challenging aspect of the TMK project will be digging deep into the "open source" philosophy, which is characteristic of existing makerspace communities, as the makerspace model has its roots as a response to corporate patents and commercialization. For Indigenous communities, however, the flip side of all the potential that technology holds to revitalize Indigenous stories and worldviews is apprehension towards a Western form of liberalism that does not adequately address the appropriation of knowledge and culture. Coming full circle, it is this sound logic that has fostered apprehension towards technologies (such as the camera) yielded by European hands, not the technologies themselves. Technological development projects in Indigenous communities must explicitly acknowledge the logic of colonial institutions and legislation, which have attacked Indigenous knowledge transmission and data collection through isolating communities both geographically as well as socially, through the fracturing of familial ties and the punishment of language use and ceremonies. At the very least, these projects should promote intellectual property standards that reflect Indigenous ways of knowing. Ideally, future projects will take note of Indigenous-led initiatives like the ones presented in this article, and focus on facilitating Indigenous control over project designs to foster technological self-determination and sovereignty.
Conclusion
Rejecting needs-based, solution-oriented fixes to the socalled "digital divide" necessitates a process of challenging Eurocentric myths of modernity and recognizing how Indigenous peoples have always been innovators when it comes to tools of survival. Technological development in Indigenous communities demands a more thoughtful, and oftentimes more uncomfortable, approach to reconciliation that looks to the past in order to look to the future. This article has presented but a sample of the plethora of ways in which Indigenous peoples are making space in digital environments for their worldviews and ways of knowing, and projecting themselves into a future that dominant society would have them believe will not exist. Makerspaces, while brimming with potential as a pathway towards strengthbased technological development, can only truly do so if their project designs are informed by Indigenous worldviews and methodologies that draw on the strengths of Indigenous communities.
In conclusion, yes, visit websites created by Indigenous peoples. Use their apps, play their video games, and witness their presence in augmented and virtual reality, but do so critically, acknowledging that these virtual landscapes do not offer access to another lived experience. Listen closely, instead, to the lessons about our world, the "real", the "virtual", and everything in between, that are more relevant now than ever. Keeping the above in mind, this article serves primarily as an introduction to the topic, and there is much to explore when it comes to each initiative.
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